INTRODUCTION
In search of a simple diagnostic procedure for the early detection of cancer, many investigators have looked for differences in the enzyme activity of the blood of normal and tumor-bearing animals. In 1954, Hill and Levi (25) found that the enzyme lactic dehydrogenase (LDH) was elevated in the blood of a number of patients with malignancies. Shortly thereafter, similar findings were reported in tumor-bearing mice (34, 54) . In 1960, while studying the relationship between enzyme elevation and tumor growth, Riley (55) found that, when he inoculated plasma or cellfree extracts from the tissues of tumor-bearing mice into normal mice, the recipients developed a 5-to 10-fold increase in plasma LDH activity within 48 hr. The enzyme elevation persisted for months, despite the fact that the animals failed to develop tumors or show any signs of illness or gross pathology. Riley showed that this agent which elevated plasma LDH replicated in mice and could be serially transmitted. Most important was the fact that, of the 26 different types of mouse tumors originally studied, all contained this lactic dehydrogenase agent (55) . The widespread distribution of this agent initially suggested that it might be integrally related to the neoplastic process (55) . However, reports from a number of laboratories soon revealed that it was not associated with all serially transplanted tumors (1, 36, 37, 47, 71) , was rarely recovered from primary mouse tumors, and was never found in rat tumors (37) . Further studies showed that the iIoloney virus (which induces leukemia in both mice and rats) produced a 5-to 10-fold increase in plasma LDH activity in mice but not in rats (37) . When the Moloney leukemia virus was passed in rats and injected back into mice, it produced the usual leukemia in mice but was no longer able to produce the enzyme elevation. Thus, it became apparent that the Moloney leukemia virus had been contaminated with the lactic dehydrogenase agent and that the latter agent had been eliminated by rat passage because of species specificity (37) . These and subsequent studies showed that the lactic dehydrogenase agent was a virus (9, 40, 42) , and was not integrally related to the Moloney leukemia virus or to the neoplastic process but was simply being carried as a contaminant by a number of serially transplanted tumors. The present review summarizes what is known about the lactic dehydrogenase virus (LDV), discusses the factors that might be responsible for its unusual manifestations, and considers the role that this widely disseminated, but previously unsuspected, virus might have played in the results and interpretations of a number of experiments.
ASSAY
The 5-to 10-fold increase in the activity of the enzyme LDH in the plasma of mice after inoculation of LDV served as the basis for detecting the virus. Most assays were performed within 96 hr after injection of the virus, but, since the enzyme elevation persisted for the life of the animal, assays could be performed weeks and even months later (40) . The titer of LDV was determined by injecting serial 10-fold dilutions into recipient animals (40) . The number of animals that became infected at each dilution was recorded, and the dose that infected 50% of the animals (ID50 per milliliter) was calculated by the method of Reed and Muench (53) .
Studies on the relationship between virus dose and the increase in plasma enzyme activity (40) revealed that the greater the inoculum the more rapid was the increase in LDH activity (Table  1) . However, after 96 hr. the plasma LDH level of animals that had received a low dose of virus (10'5 ID5o) was equal to that of the animals that had received a high dose (107-5 IDso). Thus, regardless of the initial dose, once an animal became infected with LDV that animal developed the characteristic 5-to 10-fold increase in plasma LDH activity.
PHYSICAL AND CHEMICAL TREATMENT The effect of physical and chemical treatment on the infective titer of LDV (40) is summarized in Tables 2 to 4 . LDV was relatively stable to storage, lyophilization, and freezing and thawing (40) . However, the virus was completely inactivated by ether, chloroform, and butanol (40, 46a) . In addition, Georgii found that the virus was inactivated by formalin, alcohol, and paminosalicylic acid (20) . Incubation of LDV at 37 C for 24 hr resulted in the loss of more than 99% of the infectivity, and complete inactivation occurred within 30 min at 80 C (40 (17a) . If, however, pellets prepared from viremic plasma were not fixed with osmium tetroxide but instead were suspended in distilled water and negatively stained with phosphotungstic acid, the particles appeared larger and more pleomorphic with tail-like projections (9) . Further studies showed that fixation with osmium tetroxide prior to staining substantially reduced the number of these forms, suggesting that they were artifacts produced in the preparation and staining of the virus (9) . Thus, the morphological appearance of LDV is affected by the method of preparation. Similar variations in size and shape have been reported with other viruses (11, 17, 72) .
In addition to the particle described above, several investigators (2, 16, 58, 60, 61) (22) , an infectious ribonucleic acid (RNA) was recovered from LDV (42) . The success with the phenol-ether method made it clear that the infectious nucleic acid from LDV was not adversely affected by exposure to ether. However, earlier experiments (40) showed that the infectivity of the intact virus was completely destroyed after treatment with ether. These findings suggested that ether might be inactivating the intact virus by altering its coat so as to expose the viral nucleic acid to the ribonuclease in the medium. Experiments in our laboratory (43) showed that this was the case (Table 5 ). When ribonuclease was removed from the virus pool, extraction with ether, butanol, chloroform, or phenol led to the recovery of an infectious nucleic acid, whereas in the presence of ribonuclease the intact virus was inactivated by both ether and butanol (43, 46a) . Surprisingly, in the presence of plasma known to contain ribonuclease, chloroform and phenol yielded an infectious nucleic acid (42, 46a) . The recovery of an infectious nucleic acid from a crude virus pool However, at 96 hr when the virus titer had decreased 1,000-fold, the enzyme activity was at its height (10-to 12-fold above normal). The enzyme activity then decreased and leveled off at five-to sevenfold above normal for life.
Yaffe (71) was the first to show that LDV could be propagated in vitro by use of primary cultures of mouse embryos. Although LDV failed to produce any cytopathology or enzyme elevation in vitro, the virus was detected by inoculating the tissue-culture supernatant fluids into recipient animals and testing for the characteristic 5-to 10-fold increase in plasma LDH. By serial weekly passage to primary mouse-embryo cultures, Yaffe found that the virus could be propagated indefinitely. Primary explants of mouse liver, spleen, and peritoneal macrophages have also been used to grow the virus (18, 48, 71) . Evans (18) showed that virus multiplication began within 12 hr, reached a peak at about 24 hr, and slowly decreased until virus was no longer detected at 10 days. Similarly, Georgii et al. (21) found that the virus disappeared from the cultures within 10 days, although cultures prepared from embryos that had been infected in utero maintained the virus for a slightly longer time (16 days). Evans (18) found that virus replication was affected by the age of the culture. Cells that were in culture for 24 hr prior to inoculation yielded a higher virus titer than did cells that had been in culture for 7 days. Virus multiplication did not occur in 10-to 14-day-old cultures (18), secondary cultures, or infected primary cultures that were subcultured (71) . Continuous cell lines (HeLa), rhesus monkey kidney cells, and mouse tumor cells also failed to support virus multiplication (18, 48, 71) . The failure to propagate the virus longer than 2 weeks and the requirement for primary mouse cultures suggest that specific cells are required for virus replication and that these cells become altered or die after a prolonged stay in tissue culture. Virus titers greater than 1060 ID5o per milliliter have not been reported in vitro (18) , whereas titers of 10105 ID5o per milliliter are routinely obtained in vivo (40) .
METABOLIC AND MORPHOLOGICAL PATHOLOGY
Although LDV was first recognized by its ability to produce a 5-to 10-fold increase in plasma LDH, it soon became apparent that a number of other enzymes were elevated in the plasma of infected mice (31, 38, 39, 47) . The increase in isocitric dehydrogenase (ICDH) almost equalled that of LDH, whereas malic dehydrogenase (MDH), phosphohexose isomerase, and glutamic oxaloacetic transaminase were elevated to a lesser extent (Fig. 4) . As with LDH, these enzymes remained elevated for months (39) . In addition, Plagemann et al. found that glutathione reductase was elevated (47) . However, aldolase, alkaline and acid phosphatase, leucine amino peptidase, glucose-6-phosphate dehydrogenase, and a-glycerophosphate dehydrogenase were not affected by the virus (39, 47) .
The possibility that the increase in glycolytic enzyme activity in the plasma reflected a basic metabolic disorder on the cellular level led Riley to study the glycolysis of infected and uninfected tumors. He found that the anaerobic glycolysis of a methylcholanthrene-induced tumor which had been infected with LDV was higher than its uninfected counterpart (58 A number of investigators suggested that the increase in plasma enzyme activity might be due to the release of intracellular enzymes from damaged cells. However, gross and microscopic examination of organs from infected animals failed to reveal any evidence of pathology (6, 55) , except for splenomegaly (59) and slight lymph node enlargement (63) . Initially, it was and white pulp, and the enlargement of the lymph nodes was due to medullary hyperplasia and an increase in the number of plasma cells. Recently, Pope and Rowe (51) showed that the WM1 virus and LDV are identical. Whether the splenomegaly following infection with LDV is a primary effect due to virus multiplication or a secondary effect remains to be determined. However, it is quite clear that the elevated enzymes in the plasma of infected animals did not come from the spleen, since splenectomized mice showed an even greater enzyme elevation after infection with LDV than did nonsplenectomized mice (57) . reported (59) that the spleens of infected mice weighed 100 to 200% more than those of normal mice, but subsequent experiments showed that this was probably due to the presence of Eperythrozoon coccoides (62, 63) . Studies in our laboratory revealed that only 21 of 55 infected mice had spleens that weighed 30% more than normal. The splenomegaly occurred within 72 hr after injection of the virus and persisted for at least 1 month. In 1961, Pope (49, 50) reported the recovery from wild mice in Australia of a virus (WM1) that produced slight to moderate splenomegaly and general enlargement of lymph nodes in over 50% of the animals. A persistent viremia was also detected. Microscopically, the splenomegaly was due to hyperplasia of both red
The possibility that the increase in plasma LDH might be due to destruction of red blood cells was studied by Riley (58) . He noted that injection of LDV into splenectomized, irradiated, and tumor-bearing mice resulted in a severe anemia (57, 58) . However, further experiments showed that the anemia was not due to LDV but to E. coccoides (62) .
The failure to demonstrate morphological pathology (except slight splenomegaly and lymph node enlargement) suggested that the increase in plasma enzyme activity might be due to subtle alterations in the permeability of infected cells. Because it would be difficult to detect these changes by the usual gross and microscopic techniques, several investigators thought that com-parison of the isozyme pattern of infected plasma with that of various organs might give a clue as to the origin of the elevated plasma enzymes (48, 66b, 68) . Starch-gel electrophoresis showed that the increase in plasma LDH after infection with LDV was due largely to the increase in the slowest-migrating component, which Plagemann (48) referred to as LDH1. LDH2,3,4 were elevated to a lesser extent. Since LDH1 was found in every organ examined and LDH23,4,5, were found in many of the organs, the isozyme pattern of infected plasma was not sufficiently characteristic of any one tissue to give a definitive answer regarding the origin of the elevated plasma enzymes.
As an alternative to the cell permeability hypothesis, it was suggested that the increase in plasma enzyme activity might be due to de novo enzyme synthesis. Studies from three laboratories (5, 47, 68), however, failed to reveal any significant differences in the enzyme content of tissues from infected and uninfected animals.
MECHANISM OF ENZYME ELEVATION
Although leakage of enzymes from damaged cells and de novo enzyme synthesis have been suggested as possible explanations for the increase in plasma enzyme activity after infection with LDV, experiments from several laboratories, as indicated above, failed to provide support for these hypotheses. The demonstration that LDV could replicate in vitro without producing any enzyme elevation (18, 21, 71) suggested another possibility, that the increase in plasma LDH might be an in vivo phenomenon due to impaired clearance of endogenous enzymes from the peripheral circulation. To test this hypothesis, LDH was injected intravenously into normal and infected mice, and the disappearance of enzyme activity (clearance) from the peripheral circulation was studied (45) . Infected mice cleared intravenously administered LDH (homologous) at a slower rate than did normal mice (Fig. 5) injected enzyme, whereas it took infected mice almost 48 hr to clear the same amount of enzyme. ICDH (heterologous) was also cleared more slowly by infected animals (Fig. 6 ), whereas alkaline phosphatase (heterologous), an enzyme which was not elevated after infection with LDV, was cleared at the same rate in normal and infected animals (Fig. 7) . In addition, Bailey (6a) (12, 27, 70) . infected animals. As shown in Fig. 8 , carbon tetrachloride produced extremely high levels of LDH, ICDH, and MDH in both normal and infected animals (45) . In normal animals, however, the enzyme level fell rapidly toward the base line, whereas in infected animals the return to the base line was much slower and substantial enzyme elevation persisted for several days. Similarly, the enzyme elevation in the plasma of tumor-bearing mice after infection with LDV (39) could be explained on the basis of impaired enzyme clearance Although preliminary studies in our laboratory indicated that uninfected tumor-bearing mice clear intravenously administered LDH at aping mice would, therefore, result in a far greater accumulation of enzymes after infection with LDV than would occur in mice not bearing tumors. The data in Table 6 support the contention that the height of the enzyme elevation in normal and tumor-bearing mice after infection with LDV is related to the extent of the enzyme influx. In normal mice with a plasma LDH of less than 1,000 units per ml, the increase in LDH activity 48 hr after injection of the virus was 1,600 units per ml. In tumor-bearing mice with a plasma LDH of approximately 2,000 and 5,000 units per ml, the increae in LDH activity 48 hr after injection of the virus was 8,000 and 19,000 units per ml, respectively. In other experiments, it was shown that the number of units of enzyme remaining in the circulation at a given time after injection of different doses of LDH (ranging from 12,500 to 75,000 units per ml) was directly proportional to the amount of enzyme injected (45) .
The level of LDH in the peripheral circulation is, thus, dependent upon two factors: the rate of influx and the rate of clearance. Within 13 hr after injection of LDV, infected mice were no longer able to clear enzyme at the normal rate (45). Mahy (33) found that the impairment was t Mice bearing plasma cell tumor 70429 were divided into two groups on the basis of the LDH activity in their plasma (low and high). One half of each group was kept as controls, and the other half was injected with LDV. The increase in plasma LDH was determined 48 hr later. Each figure represents the average of 10 animals. greatest at 48 hr after injection of the virus; at that time, it took infected mice seven to eight times as long as normal mice to clear intravenously administered LDH. Thus, the time lag between the onset of impaired enzyme clearance (13 hr postinfection) and maximal enzyme elevation (96 hr postinfection, Fig. 3 ) appears to represent the time required for normally released endogenous enzymes to accumulate in the blood. Although impaired enzyme clearance could be demonstrated for months (45) , the extent of the impairment was not quite as great as during the acute phase of the infection (33) . The persistent enzyme elevation in the chronically infected animal thus appears to be due to the establishment of a new equilibrium between the normal influx of endogenous enzymes and impaired enzyme clearance. Although there is no evidence at the present time that an increase in enzyme influx contributes to the enzyme elevation in the plasma of infected animals, this possibility has not been excluded.
The mechanism by which infection with LDV leads to impaired clearance of enzymes remains to be elucidated. This problem is complicated by the fact that the mechanism of clearance of LDH in normal animals is not known. Since the reticuloendothelial system (RES) has been implicated in the clearance of a number of substances, it was pertinent to see whether infection with LDV produced any loss in the functional capacity of this system as measured by the rate of clear- ance of colloidal carbon particles (45) . Impairment of the RES occurred within 18 hr after injection of LDV (Fig. 9) . However, at the end of 1 week, the capacity of the RES to clear carbon particles had returned to normal (45) . Almost identical results were obtained by Mahy (33 (41) showed that the virus was present in the urine, feces, saliva, and milk ( Table 7) . As in the blood, the virus titer was highest at 24 hr postinjection and decreased during the following weeks. At the end of 16 and 28 days, respectively, virus was no longer detected in the urine and saliva, although it was present in the feces for at least 135 days (41) . Despite the presence of virus in the excretions of these animals, the transmission rate of LDV from infected to uninfected mice housed together for 135 days was less than 5% (40) . The strains were used, it was pertinent to see whether these factors affected the rate of transmission of LDV. Our studies (44) revealed that the transmission rate was low among CAF-1, C3H/Hen, Balb/c, and C57 Black mice. A high rate of transmission, however, was found among General Purpose (GP) Swiss mice. Further observations revealed extensive bite marks and scars over the bodies and tails of the GP mice, whereas relatively few such scars were found among the other strains (44) . These scars suggested that the GP mice were transmitting the virus by biting and inoculating infected saliva. Since young mice did not bite their cage mates as frequently as did older mice, and since female mice fought less than males, it was thought that the transmission rate of LDV would be lower in these groups. The data in Table 8 show this to be the case, for while 100% of the older males became infected only 3% of the young females became infected. Further support for the argument that LDV was transmitted by the inoculation of infected saliva through biting came from experiments in which biting was prevented by removing the incisors (44) . In these experiments, the rate of transmis- sion dropped from 100% in normal mice (incisors present) to 5% in partially edentulous mice (incisors removed). In addition to transmission by inoculation of infected saliva, ingestion of tissues from acutely infected animals as a result of cannibalism also led to the transmission of the virus (44) . Thus, the transmission of LDV depends on the titer of the virus in the inoculum and on the route of inoculation. The age, sex, and strain of the animals affect the rate of transmission in that these factors influence the biting habits of the animals.
The demonstration that mice could be infected by the oral route if exposed to over 106.4 ID5o per milliliter, and that there were at least 107.0 ID5o per milliliter in the milk of acutely infected animals, suggested that LDV could be transmitted from the acutely infected mother to her offspring by nursing. When the mothers were infected with LDV within 48 hr after giving birth, so that the virus titer in the milk during the acute phase was 107.0 ID50 per milliliter, 51 .5% of the sucklings became infected (Table 9 ; 41). However, when the mothers were infected 1 week prior to mating, so that the virus titer in the milk was less than 104-4 ID50per milliliter during nursing, only 0.9% of the offspring became infected. These experiments suggested that the transmission of LDV was dependent at least in part on the titer of the virus in the milk. They also showed that the virus was not transmitted via the placenta in the chronically infected animal. However, if mothers were infected during gestation rather than prior to mating, over 91% of the offspring became infected (Table 9 ), suggesting that the virus had crossed the placenta. These observations were substantiated by Georgii et al. (21) , who showed that within 72 hr after inoculating pregnant mice with LDV the virus could be recovered from the embryos. The transmission of LDV across the placenta in the acutely infected animal and the lack of transmission in the chronically infected animal appear to be related to the titer of the virus in the maternal circulation. That is, in the acutely infected animal the virus titer reaches 10105 ID50 per milliliter within 24 hr after injection, whereas, in the chronically infected animal, the titer is between 105°a nd 107' ID50 per milliliter throughout the gestation period. If a high virus titer is required to infect the fetus by the placental route, infection of the fetus is more likely to occur in the acutely infected animal than in the chronically infected animal. The role that antibody may play in protecting the fetus of the chronically infected mother against the virus is unknown, because evidence for antibody against LDV is still lacking.
RELATIONSHIP TO TUMORS AND VIRUSES
Since the initial report on the association of LDV with mouse tumors (55) , over 50 types of tumors from laboratories throughout the world were found to be contaminated with this virus (Table 10 ). Tumors that had been transplanted for many generations were more often contaminated than primary tumors (1, 36, 37, 47, 71) or tumors that had been transplanted for only a few generations. Tumors that were free from the virus in one laboratory were frequently found contaminated in other laboratories. Because of the constant viremia, tissues removed at any time during the life of the infected animal would contain the virus. Thus, LDV could be transmitted indefinitely by serial passage of infected tissues, such as tumors. Once LDV is introduced into a particular laboratory, transmission to uninfected cage mates and accidental contamination of parenterally administered materials could easily lead to the wisespread dissemination of the virus and might account for the large number of contaminated tumors. However, tumors and viruses can be freed from LDV by passage through rats (37) or through cell lines which do not support LDV replication (1, 47) . Thus, sarcoma 180, Moloney virus, Friend virus, and pneumonia virus of mice originally contaminated with LDV were freed from LDV by passage through tissue culture or rats (1, 32, 37, 47, 66a) .
Nontumor viruses are also contaminated with LDV (Table 10 ). Wenner et al. (69) suggested that a number of viruses, in addition to LDV, could produce an increase in plasma LDH, but no effort was made to determine whether these viruses were contaminated with LDV. Other investigators (1, 20, 32, 37, 48, 71) showed that in the absence of LDV most of the viruses they tested failed to increase plasma LDH. However, (1, 38, 39, 47, 56, 71) . Uninfected tumor-bearing it was found that encephalomyocarditis virus mice showed no increase in plasma enzyme ac- (32) , ectromelia virus (20) , and E. coccoides (4, tivity at the end of 3 days, whereas infected 62, 63) caused cell damage and released intra-tumor-bearing mice showed increases in LDH, cellular enzymes into the circulation. The particu-MDH, and ICDH which were equivalent to the lar enzymes released and the magnitude and increases seen in the plasma of infected mice not duration of the enzyme elevation was quite dif-bearing tumors (Table 10) . Aldolase, which is ferent than with LDV. Thus, if the inoculation not elevated by LDV, was the same in both of a particular virus preparation results in an groups. Thus, the early rise in plasma enzyme acincrease in plasma LDH, it must be ascertained tivity which occurred prior to the gross appearwhether the virus under question or contamina-ance of the tumor was not due to the tumor, but tion with LDV is responsible for the enzyme to LDV. In the absence of LDV, the activity of elevation. In the absence of a specific serological the enzymes in the plasma of tumor-bearing mice remained within the normal range until the tumor 39,99000 7, 500 became palpable, and then the enzyme elevation 33,00C roughly paralleled the growth of the tumor. .3plasma of infected tumor-bearing animals on day 21 The effect of LDV on tumor growth was studcorrelation between the growth of certain murine ied by Riley (56, 58) . He found that neither the tumors and the increase in plasma LDH (26, time of appearance nor the growth rate of a pri-54), other studies showed that the enzyme level mary tumor induced by methylcholanthrene was in the plasma was substantially elevated prior to influenced by LDV. However, after transplantathe gross appearance of the tumor (26, 34) . Since tion, the infected tumor grew more rapidly and these experiments had been performed before it reached a greater size than its uninfected counterwas recognized that many tumors were contami-part. The significance of these findings is difficult nated with LDV, the relationship between tumor to interpret, because in other experiments the growth and plasma enzyme elevation was rein-growth rate of infected tumors was unaltered, or vestigated in the presence and absence of the virus was inhibited (58) . Other laboratories (1, 38, 47, 71) have failed thus far to report any difference in the growth rate of infected versus uninfected tumors. The effects that unsuspected contamination with LDV may have had on other viruses are just becoming apparent. For instance, three laboratories recently attempted to devise a rapid assay for the Moloney leukemia virus by employing viral interference. They found that the materials containing the Moloney virus exerted marked interference on vesicular stomatitis (64), influenza (39) , and vaccinia (3) viruses, but further studies revealed that it was not the Moloney virus but LDV which was responsible for the interference. Baron (7) showed that animals infected with LDV had low levels of interferon in their circulation at 24 and 48 hr after injection of the virus, but not thereafter. Whether these low levels of interferon play any role in viral interference has not yet been determined.
Contamination with LDV might also affect the results and the interpretations of experiments through its action on the RES. The impaired clearance of carbon particles suggests that the rate at which other materials are cleared from the peripheral circulation of infected animals might also be impaired. If this proves to be the case, animals infected with LDV might be more susceptible to bacteria, viruses, tumors, drugs, chemicals, toxins, etc., than are normal animals. In this connection, the synergism between LDV and E. coccoides is pertinent (63) . Infection of nonsplenectomized mice with E. coccoides resulted in a lowering of the hematocrit and an increase in white count, spleen size, and plasma LDH. In the presence of LDV, all of these conditions were exaggerated. The explanation for this synergism might lie in the fact that the impairment of the function capacity of the RES by LDV decreased the rate at which E. coccoides was cleared from the circulation. The increase in the titer of E. coccoides after infection with LDV (63) might thus be responsible for the exaggerated pathology. The enzyme synergism, as indicated above, can be explained on the basis of impaired clearance of enzymes.
From these studies, it can be seen that the widespread contamination of tumors, viruses, and animals with LDV adds considerably to the already complex problem of extraneous mouse viruses (64) and of the interpretation of experiments in which LDV is a contaminant. DISCUSSION LDV has proved to be a particularly interesting virus because of its unusual manifestations and wide distribution. The studies described in this review point to the possibility that some of the unusual manifestations of this virus, such as the persistent enzyme elevation, the high virus titer, the chronic viremia, and the lack of antibody, might be related to the effect of the virus on the RES. First, there is preliminary evidence which suggests that LDV is growing in the cells of the RES. Tissue-culture experiments showed that LDV replicates in primary explants which are rich in RES cells, such as spleen, liver, and peritoneal macrophages (18, 48, 71) . Electron microscopy of peritoneal macrophages revealed virus particles within these cells (17a), but it still remains to be determined whether the virus is actually replicating in the macrophages or is simply being phagocytized. In addition, evidence is beginning to accumulate which suggests that the RES may play a role in the clearance of enzymes. A number of reports in the literature indicate that at least some protein is removed from the circulation by the RES (8, 13, 14, 24) , and Fleisher and Wakim (19, 67) and Mahy (personal communication) have shown that blockade of the RES decreases the rate at which LDH is cleared from the peripheral circulation. These studies, if substantiated, would support the hypothesis that the lifelong enzyme elevation following infection with LDV is due to the virus growing in or damaging the very cells which remove endogenous enzymes from the circulation.
This raises the question as to what factors are responsible for the chronic nature of the infection. As indicated above, the virus appears to be growing in or damaging the RES cells which ordinarily play a major role in the defense of the host. Impairment of the functional capacity of this system might decrease the rate at which LDV is cleared from the peripheral circulation. Mims (35) showed that the titer of Semliki forest virus was substantially increased in the plasma of mice after blockade of the RES with thorotrast, and recently Mahy (personal communication) showed that the titer of LDV was also increased after thorotrast. Thus, the impairment of the RES at 24 hr after injection of LDV might be responsible for the very high virus titer of 101°05 ID50 per milliliter. As the functional capacity of the RES returns to normal (as measured by carbon clearance), the titer of the virus in the blood decreases to a steady state 
